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Take home message 
Although there are many climate patterns and systems that exist at widely varying time scales, the El 
Niño/Southern Oscillation (ENSO) phenomenon remains recognised as the core driver of climate 
variability in eastern Australia. The term ‘ENSO’ is also intended to include the now infamous La Niña 
pattern. Climate forecasts available for the northern cropping region, such as those based on or 
similar to the ‘SOI-phase system’, have been demonstrated to provide significant and relatively high 
skill when verification tests have been applied to assess all those forecasts in real-time over the past 
10 years. Other climate forecast systems, especially those that also utilise Indian Ocean inputs, tend 
to provide less skill for a region such as the northern cropping region but otherwise provide high skill 
in regions such as Western Australia. New developments in general circulation model (GCM) 
forecasts (whether they are produced in Australia or in other countries) suggest enhanced and 
useful forecast skill for seasonal and longer time periods for the northern cropping region in the 
future. With further development and testing, GCM forecast systems may provide increased lead 
time and greater forecast accuracy than currently applied statistically-produced systems.     
What’s driving our climate? The tropical pacific ocean remains a core driving force of not only 
Australia’s climate patterns but for many regions globally (Stone et al., 1996; Goddard et al., 2000). 
As a core component of the well-known El Niño/Southern Oscillation (ENSO) phenomenon Wright 
(1985) noted: “The Southern Oscillation is the dominant patterns of short-term climatic variation 
over the globe. It accounts for a greater proportion of variance of climatic and oceanic fields on time 
scales from a season to ten years than any other single phenomenon, excepting only the annual 
cycle”. It is remarkable that the above rather prophetic statement was provided as far back as 1985 
and that little has occurred since that time to dispel that statement. This is despite the remarkable 
interest in extending input into possibly improving climate forecast systems utilising sea-surface 
temperature data from many world regions that maybe relevant to Australia/north-east Australia.  
Thus, the El Niño/Southern Oscillation (ENSO) remains the dominant source of climate variability and 
hence seasonal forecasting capability relevant for north-east Australia.  Nevertheless, it should be 
stated here that in addition to ENSO (plus an inherently unpredictable chaotic component related to 
climatic variability) there are a range of other climate phenomena varying at a wide range of time 
scales that determine what manifests itself as ‘climate variability’, especially for eastern Australia.  
Much effort has also been directed towards investigating high-frequency intra-seasonal phenomena 
such as the Madden-Julian Oscillation (MJO) and its relevance to regions such as north-east 
Australia, in addition to understanding the importance of somewhat ‘unfashionable’ climate 
mechanisms such as the sub-tropical ridge as well as systems driven by the southern ocean such as 
the Southern Annular Mode (SAM). In addition to ENSO-related information (e.g., SOI- or SST-based 
forecasting systems) low-frequency phenomena (~10-20 year frequency) such as decadal and multi-
decadal climate variability and possible long-term variation in climate related to such aspects as the 
Pacific Decadal Oscillation may have relevance (Meinke and Stone, 2005). 
However, an interesting aspect relates to how much influence these low-frequency systems produce 
modifications of already recognised ENSO-related variability (Kleeman and Power, 2000). 
Predictability of this low-frequency variability (~10 or 20 year) may be questioned and the possibility 
of stochastic resonance (i.e., the phenomenon whereby noise amplifies the effect a weak signal has 
on its surroundings) cannot be dismissed (Ganopolski and Rahmstorf, 2002). 
The Indian Ocean Dipole (IOD) refers to a variation in sea-surface temperatures (SSTs) in the Indian 
Ocean, commonly measured by an index that is calculated as the difference between SSTs in the 
western (between 50°E to 70°E and 10°S to 10°N) and eastern (90°E to 110°E and 10°S to 0°S) 
equatorial Indian Ocean. However, the IOD was identified using statistical techniques such as 
variations on empirical orthogonal function (EOF) analysis. While this apparent Indian Ocean Dipole 
appears to mostly influence southern Australia rainfall and temperature, it may also enhance El Niño 
(drought) conditions in the northern cropping belt on some occasions.  
However, it has been argued that it is somewhat difficult to separate Indian Ocean teleconnections 
from tropical Pacific teleconnections.  This is because SST variability in the Indian Ocean correlates 
highly with that of the tropical Pacific, with the tropical Pacific leading by approximately 3 months 
(eg Allan et al., 2001). The strong relationship between the Indian Ocean and the Pacific then raises 
questions about which ocean’s SST variability is actually responsible for the observed ENSO 
teleconnections in the Indian Ocean sector (Goddard et al., 2000). The Australian Bureau of 
Meteorology has incorporated a measure of the IOD in its statistical climate forecasting system for 
over ten years now (eg Drosdowsky and Chambers, 2001).  
Much more recent research has concentrated on the development of general circulation models 
(GCMs), including fully coupled ocean-atmosphere models (COAGCMs) with the expectation that the 
dynamics of all these interacting phenomena, including climate change, can be captured 
appropriately by such models. Possibly the most important development in the last 10 years has 
been has been towards establishing, verifying, and experimentally utilising climate forecasting 
systems that incorporate the full physical processes involved in atmosphere-ocean-ice-earth surface 
interaction. These sophisticated climate models (general circulation models or GCMs) may provide 
forecasts of critically relevant SSTs in the Pacific and Indian Oceans or attempt to provide to ‘go one 
step further’ and provide seasonal or monthly rainfall or temperature forecasts. The Bureau of 
Meteorology/CSIRO POAMA system (Lim et al,, 2009) now provides such forecasts together with 
indications of hindcast skill for Australia on an experimental basis: 
(http://poama.bom.gov.au/experimental/poama15/sp_rain.htm). 
Additionally, highly regarded general circulation modelling systems produced in other climate 
centres around the globe also provide rainfall and temperature forecasts for varying seasonal 
periods of relevance to north-east Australia (eg see ECMWF forecasts available on:  
(http://www.ecmwf.int/products/forecasts/d/charts/seasonal/forecast/seasonal_range_forecast/group_p
ublic/seasonal_charts_public_rain!r) 
Climate forecast capability for north-east Australia. 
Operational El Niño–Southern Oscillation (ENSO)-based statistical forecasting of seasonal rainfall and 
temperature has been undertaken in Australia for almost 20 years. The capability of the two major 
governmental programs providing these forecasts (Australian Bureau of Meteorology and 
Queensland Government, respectively) have been verified either directly or more indirectly through 
converting point-based forecasts to grid-based outputs.  The Queensland Government’s Southern 
Oscillation Index (SOI) phase-based forecasts (eg Stone et al., 1996) have been verified by the 
Bureau of Meteorology using the Bureau’s monthly rainfall analyses. Verification techniques used 
have included ‘linear error in probability space’ (LEPS2) skill scores, ‘per cent consistent (correct) 
‘hit-rates’, and reliability statistics. Fawcett and Stone (2010) point out that over the past 10 years, 
both the Bureau’s forecasts and the SOI-phase forecasts have performed comparably when 
measured by the’ per cent consistent/correct’ statistic, although with successes and failures in 
different parts of Australia.  
Importantly, this study shows that both sets of forecasts show widespread forecast skill in excess of 
climatology (ie better than the use of long-term average rainfall or temperature climatological 
statistics, but that the Bureau’s forecasts perform better in the west of the country (Western 
Australia) and the Queensland SOI-phase forecasts performing better in the centre and east of 
Australia, including the northern cropping region (Fawcett and Stone, 2010). 
In assessing forecast capability for the past ten years or more two measures have been applied: 
validation is taken to indicate skill assessment of independent hindcasts - this is typically done by 
‘leave one out’ cross-validation (see for example Drosdowsky and Chambers, 2001) or a ‘two-
thirds/one-third split’ method (or equivalent) if there are sufficient data available. This type of 
model validation technique is used in the construction of forecast models, the selection of methods 
to be used and selection of the predictors to be used, and this process forms an important part of 
the forecast model-building process. 
On the other hand, model verification is taken to indicate skill assessment of forecasts constructed 
completely independently of the model building process – ie as the forecasts would be issued in 
real-time in a full operational mode and the assessments made of forecasts operating in ‘the real 
world’. This approach is used to check how a forecast system is actually performing and with no 
further r input into the model development process. Note, that this method being described here is 
only being used to assess the climate forecasts themselves, not an assessment of the value of 
forecasts to certain cropping management decisions. However, this approach can be used ideally for 
quality control and accountability purposes (e.g. key performance indicators), and it can also can be 
used to bench-mark a forecast system against other systems. Importantly, in the longer term, this 
approach may also detect distortions caused by climate change to the underlying statistical 
relationships between predictor and predict and assumed in the model-building process (Fawcett 
and Stone, 2010). 
Full assessment has been made for all 108 climate forecasts issued by the Bureau of Meteorology’s 
National Climate Centre that utilises both Pacific Ocean and Indian Ocean SSTs between 2000 and 
2009.  The results show that, despite the variations in verification periods, forecast formats and 
verification climatologies, there is a lot of consistency in the results. In particular, for the Bureau of 
Meteorology climate forecast system, verification skill has principally been exhibited in Western 
Australia, somewhat contrary to that expected from the original hindcast validation studies, which 
suggested hindcast skill to also exist in Queensland and northern parts of the Northern Territory ). 
In contrast, the forecast skill of the ‘SOI phase forecasts’ which shows the per cent 
consistent/correct rate for all above-median forecasts from 1997 onwards,  has been principally 
found in the central and eastern parts of Australia, especially including the northern cropping region. 
These are also those parts of the country with long-recognised and consistent ENSO rainfall 
relationships.  Forecast ‘hit rates’ (independent verification in ‘real-time’) are highest in late 
winter/spring and summer and lowest during autumn. Forecast ‘hit rates’ have reached 70% to 80% 
for late winter/spring but can also extend into summer in some regions (Figure 1). Note, that this 
assessment includes all those years that are included in the analysis, whereas if assessment was 
restricted to just those years when El Niño or La Niña was present then the skill values are much 
higher. In other words, for the northern cropping region, there may be a case for only providing 
climate forecasts when it is known ENSO is present or forming in the Pacific Ocean, rather than 
issuing forecasts for all seasons and years. 
Summary 
Although there are many climate patterns and systems that exist at widely varying time scales, the El 
Niño/Southern Oscillation (ENSO) phenomenon remains recognised as the core driver of climate 
variability in eastern Australia. The term ‘ENSO’ is also intended to include the now infamous La Niña 
pattern. Climate forecasts available for the northern cropping region, such as those based on or 
similar to the ‘SOI-phase system’, have been demonstrated to provide significant and relatively high 
skill when verification tests have been applied to assess all those forecasts in real-time over the past 
10 years. Other climate forecast systems, especially those that also utilise Indian Ocean inputs, tend 
to provide less skill for a region such as the northern cropping region but otherwise provide high skill 
in regions such as Western Australia. New developments in general circulation model (GCM) 
forecasts (whether they are produced in Australia or in other countries) suggest enhanced and 
useful forecast skill for seasonal and longer time periods for the northern cropping region in the 
future. With further development and testing, GCM forecast systems may provide increased lead 
time and greater forecast accuracy than currently applied statistically-produced systems.     
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Figure 1. Example of climate forecast skill or ‘hit-rate’ for the SOI phase system for all forecasts 
issued since 2000 for the July to September period. 
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